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1973. -To determine why results of recent studies on applicability of the tail-cuff method to awake rats have been conflicting, arterial pressures were measured under various conditions. A Doppler ultrasonic flowmeter was used to detect blood flow changes occurring in rats' tails during cuff inflation and deflation. Simultaneous recording of arterial pressures from different sites showed that systolic pressure in the carotid artery approximates tail-cuff values more closely than that in the lower abdominal aorta or iliac artery. Tail cuffs 15 mm long gave the most accurate readings; determinations with shorter cuffs were falsely high while those with longer ones were falsely low. Pressures measured in unanesthetized normotensive and hypertensive rats by using a Doppler flowmeter together with a 15-mm tail cuff were the same as those recorded concurrently from a carotid artery. Correlation between direct and indirect methods under these conditions was highly significant ( r = 0.974). Contrary to the previous conclusions of Bufiag, McCubbin, and Page, the present data indicate that systolic pressure can be measured reliably with the tail-cuff method even in awake rats.
Doppler ultrasonic
flowmeter; arterial pressure measurement; normotensive and hypertensive rats WE PREVIOUSLY FOUND that correlation between direct and indirect measurements of arterial pressure was poor when rats were awake but it improved when they were anesthetized (2); consequently, the discrepancy between our results and those showing validity of the tail-cuff method was ascribed to anesthesia. This explanation now seems untenable because results of recent studies still conflict even when conscious rats are used. While Pfeffer, Pfeffer, and Frolich (9) obtained almost perfect correlation between direct and indirect measurements at different pressure levels, Patten and Engen (8) did not. To determine if these differences can be resolved, factors that might affect validation of the tail-cuff method were examined.
METHODS
Female Wistar rats (290-350 g) including some with spontaneous hypertension (7) were used. For experiments in which arterial pressures were recorded simultaneously from catheters in the left carotid, left iliac, or lower abdominal aorta, and caudal arteries, the rats were anesthetized with amobarbital, 8-10 mg/ 100 g ip. All other studies were done on awake rats with catheters implanted chronically into carotid or iliac arteries. These rats were anesthetized with ether during surgical insertion of the arterial catheters but were then allowed to recover for 1-2 days before being used.
Techniques for cannulation and blood pressure recording were as described previously (1, 2). During recordings, rats were kept in an electrically heated holder set at 30 C. Arterial pressure was measured directly by connecting the indwelling arterial catheter through a hole on the rat holder, to a strain-gauge manometer (Statham P23Gb or Micron MP15). Each catheter had two parts: a> an intraarterial portion of Teflon tubing (id 0.022 x od 0.034 x length 0.5-0.7 inch) that was threaded snugly into b) an extravascular portion of Tygon tubing (type S-54-HL, id 0.034 x od 0.06 x length 6.0-6.5 inch, by U.S. Stoneware, Akron, Ohio). Damping of the pulse with this system as compared with that recorded via a 34-mm-long 20-gauge needle is less than 270.
To allow measurement of blood pressure with the tail-cuff method, rats were preheated to 39 C for 10 min. Tail cuffs consisted of metal tubes, id F& inch, lined with a thin, inflatable rubber bladder 15 mm long. In preliminary experiments, cuffs 10 and 25 mm long were also used. Maximum cuff pressure (mm Hg), cycling interval (min), and inflation-deflation rates (mm Hg/sec) were kept constant by using a programmed electrosphygmomanometer (Narco Bio-Systems Inc., Houston, Texas). End points used for determining systolic pressure were cessation of blood flow to the tail during cuff inflation and its resumption during deflation. Changes in blood flow were detected by a Doppler ultrasonic flowmeter (Parks Electronics Laboratory, Beaverton, Oreg.) taped ventrally on the tail distal to the cuff. Audio output of the flowmeter was monitored routinely with a headphone set and was superimposed on the cuff pressure tracing for graphic recording (Fig. 1) . Observer error was eliminated by recording all blood pressure determinations on an ink-writing Brush recorder (model 220, Gould Inc., Cleveland, Ohio).
RESULTS

Standardization
of conditions for cuf inflation and dejation.
Variable blood pressure measurements could result from irregularities in inflating and deflating the tail cuff. Because conditions of cuff inflation were difficult to keep constant with a manually operated rubber bulb, an automatic cuff pump was used which allowed adjustment of height of maximum pressure, rate of inflationdeflation, and cycling interval. By inflating and deflating at equal rates, blood pressures could be determined twice during each cycle. When tested in conscious rats with indwelling carotid catheters, as long as regular cycles were maintained, changes in interval, maximum pressure, and inflation rate did not affect arterial pressure (Table 1) . I n all subsequent experiments, a constant inflationdeflation rate of 25 mm Hg/sec and cycling interval of 30 set were used. Unless otherwise indicated, height of maximum cuff pressure was usually 200 mm Hg (see Figs. 1 
and 2).
Which arterial pressure is best for comparison with tail-cuff measurements? Among the usual references used for the tail-cuff method are systolic pressures in the lower abdominal aorta (2, 8) or carotid artery (6, 9), but it has never been established which one best 
